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ParacetamolIn the present study, an electroanalytical method for the simultaneous determination of acetaminoph en 
(AC) and uric acid (UA) in urine samples with a carbon nanotube paste electrode (CNTPE) employing a
cationic surfactant (cetylpyridinium bromide, CPB) was developed. The optimization of the proposed dif- 
ferenti al pulse voltammetric method was performed by means of multi-response assays, highly recom- 
mended for simultaneous analysis. Under optimized conditions (pH 7.7, phosphate concentration of 
0.1 mol L1, pulse amplitude of 123 mV, modulation time of 5 ms, CPB concentration of 0.30 mmol L1
and scan rate of 100 mV s1), a remarkable peak separation of UA and AC at 174 mV was achieved. The 
linear curves for the simultaneous determination of UA and AC were built in concentration range of 
5.0–92.6 lmol L1 with satisfactory regressi on of 0.995 for UA and 0.999 for AC. Limits of detection were 
found to be 0.25 and 0.57 lmol L1 for UA and AC, respectively, and the precision asses sed as relative 
standa rd deviation (RSD) for ten determinations was found to be 3.20% and 1.34% for respective concen- 
trations of 10.0 and 72.5 lmol L1 for UA and 4.3% and 1.6% for AC. The electrochemical sensor with anti- 
fouling features was successfully applied for the free-interference simultaneous determina tion of UA and 
AC in urine samples.
 2013 Elsevier B.V. All rights reserved.1. Introduction 
Uric acid (UA) is naturally present in the body, and it appears to 
be the major end-product of purine metabolism [1]. Abnormal UA 
levels can be symptomati c of several diseases, such as gout, hyper- 
uricemia and Lesch-Nyha n syndrom e [2]. Some methods based on 
enzymes [3], chemically modiﬁed electrodes [4], ﬂuorescent bio- 
sensor [5] have been developed for detecting UA. Acetamin ophen 
(AC) is one of the most widely used analgesics and antipyretics 
[6]. After ingestion, it is rapidly absorbed from the respiratory tract,
distributed throughout the body, and can be easily eliminated in 
urine [7]. Doses above the allowabl e limit can cause serious prob- lems, such as hepatotoxici ty, due to a toxic metabolite produced in 
the liver [8]. After drug ingestion, these two substances can be 
present in biologica l ﬂuids; thus, it is extremely important to de- 
velop methods that would allow the simultaneous determination 
of both compounds. Electrochem ical techniques are widely used 
in the development of analytica l methods due to their rapidity,
high sensitivity and speciﬁcity. Many electrochemi cal studies have 
been performed to determine UA or AC together with other ana- 
lytes [9]. Atta and co-workers [10] constructed a sensor based on 
the electrodepo sition of palladium nanoparti cles on a poly(N-
methylpy rrole) ﬁlm-coated platinum electrode for the determina- 
tion of uric acid, ascorbic acid and catechola mines using cyclic vol- 
tammetr y. Modiﬁed glassy carbon electrode surface with poly (p-
xylenolsu lfonephthalein) was successfully used in simultaneou sly 
determini ng uric acid, ascorbic acid and epinephrine by the differ- 
ential pulse voltammetr y [11]. In the study performed by Švorc and 
co-worke rs [12], a boron-dope d diamond electrode was develope d
for the simultaneous determination of acetaminophen and penicil- 
lin. As observed, the selective performanc e of the mentioned 
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Fig. 1. Cyclic voltammograms (3rd cycle) recorded for UA (A) and AC (B) at GCE and 
CNTPE in the presence and absence of 0.3 mmol L1 CPB surfactant. Scan rate:
50 mV s1. electrolyte – 0.1 mol L1 phosphate buffer.
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backs of peaks oxidation on the simultaneous determinati on nec- 
essarily depends on the catalytic and electrochemical properties 
of the modiﬁed electrode. In this sense, carbon nanotubes (CNTs)
have also been widely used as electrodic material due to their un- 
ique mechanical, thermal and electrical propertie s [13,14]. Never- 
theless, remarkable improves of CNTs performanc e for 
simultaneou s analysis can be achieved by means of chemical mod- 
iﬁcations procedures. Raoof and co-workers [15] proposed a simple 
electrodepo sition of quercetin at a MWCNT modiﬁed glassy carbon 
electrode, thus managing to determine levodopa , uric acid and 
tyramine by differential pulse voltammetry. An electrochemical 
sensor based on thionine immobilized multiwalled carbon nano- 
tube modiﬁed carbon paste electrode was developed for simulta- 
neous determination of ascorbic acid, acetaminophen and 
isoniazid [16]. A brief overview of literature data shows only a
study dedicated to the simultaneous determination of AC and UA 
using multiwalled carbon nanotube/chito san composite immobi- 
lized onto glassy carbon electrode surface CNT, with a peak resolu- 
tion of 121 mV [17].
Therefore, in the present study we have developed a sensitive 
and low-cost different ial pulse voltammetric method for simulta- 
neous determination of UA and AC in urine samples, exploitin g
the synergic effect of measurements at carbon nanotube paste 
electrode in the presence of cationic surfactant. Surfactants have 
been successfu lly applied in electrochemist ry to improve the prop- 
erty of the electrode/so lution interface [18]. Additionally , in order 
to reduce the number of experime nts and improve the two re- 
sponses i.e. analytical signals of UA and AC, we have shown the 
usefulness of the desirability function for the optimization of mul- 
ti-response assays in proposed differential pulse voltammetric 
method [19]. Such chemometri c tool has been widely used in chro- 
matographi c methods, but it is still rate in optimization of simulta- 
neous electrochem ical analysis.
2. Experimental 
2.1. Equipment and reagents 
Electrochemi cal measurements were carried out with an Auto- 
lab PGSTAT101 potentiostat/ga lvanostat using a compartme nt cell 
with three electrodes: reference (Ag/AgCl), counter (Pt wire with 
high surface area), and working (CNTPE). A glassy carbon (GC) elec- 
trode was used to evaluate the performanc e of the working elec- 
trode (CNTPE). Standard solutions of uric acid – UA,
acetaminophen – AC, urea, tartaric acid, citric acid, glucose, ascor- 
bic acid, 4-nitrophenol, leucine, proline and tyrosine (all 99% ac- 
quired from Sigma–Aldrich), cetylpyridinium bromide – CPB 
(98%, Sigma–Aldrich) and cetyltrim ethylammoniu m bromide –
CTAB (99%, Acros) were prepared with Milli-Q water. Phosphate 
salt (99–102%, Merck), Tris–HCl (99.9–100.1%, Invitrogen), KCl 
(99.5%, Dinâmica) and HEPES (99%) were used to prepare buffer 
solutions.
2.2. Electrode preparati on 
The working electrode was prepared by mixing multiwalled 
carbon nanotubes MWCNTs (93%, 10–40 nm diameter, 5–
20 lm length; CNT Co. Ltd., Yeonsu-Gu, Incheon, South Korea)
and mineral oil (Nujol) in a 22:78% (m/m) ratio [20]. The mix- 
ture was homogenize d for a few minutes in a Petri dish using a
stainless steel spatula. Then, the obtained paste was carefully 
placed into the cavity of a glass tube supported with a Pt plate.
Finally, the paste was compacted with the spatula resulting in a
smooth surface. The geometric area of working electrode was 
0.0706 cm 2.3. Results and discussion 
3.1. Electrochem ical behavior of UA and AC on glassy carbon (GCE) and 
carbon nanotube paste (CNTPE) electrodes in cationic surfactant 
The electrochemi cal behavior of UA and AC was studied by cyc- 
lic voltammetry using glassy carbon (GCE) and carbon nanotubes 
paste electrode s (CNTPE) as working electrodes in the presence 
and absence of the CPB surfactant (Fig. 1). As can be seen from 
the voltammogr ams, CPB promoted a shift of 133 mV in the oxida- 
tion peak potential (Epa) for UA to less positive values, as well as 
an increase in the oxidation current (Ipa), when employing CNTPE 
(Fig. 1A). This behavior happens perhaps due to interactio n be- 
tween the UA, the cationic surfactant and the nanotubes surface,
showing a synergic effect. The results indicated that the electron 
transfer rate increased when the surfactant is present in solution.
On the other hand, similar behavior was not observed for GCE.
Regarding AC (Fig. 1B), the measure ments performed using the 
CNTPE in the presence of CPB also revealed a shift (76 mV) in 
Epa to less positive values with increase in Ipa. However, in similar 
way for UA, the presence of CPB also did not cause changes in the 
voltamm etric proﬁle for AC when using GCE. Fig. 2A shows the vol- 
tammogr ams recorded for the mixture of AU and AC at GCE and 
CNTPE in absence of the cationic surfactant. As expected, a poor 
resolution for peaks separation was observed due to the proximity 
of the oxidation peaks for UA and AC (Fig. 1), thereby precluding 
the simultaneou s determination of these species. According to 
Fig. 2B, the addition of the CPB surfactant reveals a satisfactory 
separation of UA and AC oxidation peaks for GCE with a difference 
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Fig. 3. Cyclic voltammograms recorded for 0.1 mmol L1 UA (A) and AC (B) in the 
presence of 0.3 mmol L1 CPB, (Inset) I (lA) vs m1/2 (V s1)1/2 plot.
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
 GCE
 CNTPE
C
ur
re
nt
 (μ
A)
E (V) vs Ag/AgCl
(A) 
-0.2 0.0 0.2 0.4 0.6 0.8
-0.2 0.0 0.2 0.4 0.6 0.8
-4
-2
0
2
4
6
 GCE
 CNTPE
C
ur
re
nt
 (μ
A)
E (V) vs Ag/AgCl
(B) 
Fig. 2. Cyclic voltammograms (3rd cycle) recorded for mixture of UA and AC at GCE 
and CNTPE in the absence (A) and presence of 0.3 mmol L1 CPB surfactant (B). Scan 
rate: 50 mV s1. Supporting electrolyte – 0.1 mol L1 phosphate buffer.
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tained. When the measurements were performed using the CNTPE,
these values were considerably higher, and the peak potential dif- 
ference (DEpa) was found to be around 164 mV.3.2. The effect of pH on Epa of UA and AC in cationic surfactant 
The effect of pH on Epa of UA and AC was studied by cyclic vol- 
tammetry using 0.1 mol L1 phosphate buffer. It was observed that 
the oxidation potentials of both analytes were pH-dependent , and 
they were shifted towards less positive values with increasing pH 
values, thus indicating that protons are involved in the redox pro- 
cess. For UA, the potential decrease had a linear behavior, with 
slope of 54.6 mV pH 1. For AC, its potential was shifted linearly 
towards less positive values when increasing pH with a slope of 
52.3 mV pH 1. The slopes of 54.6 and 52.3 mV pH 1 implied
that the number of electrons and protons (H+) involved in the oxi- 
dation process is the same, being a 2e /2H+ reaction in the oxida- 
tion process [21,22].3.3. The scan rate effect of oxidation of UA and AC 
The scan rate (m) effect was investigated in the range of 30–
315 mV s1. Fig. 3A and B presents the corresponding scan rate 
dependenci es for UA and AC. For both substances, it was found 
good relationshi p between the peak current (I) and m1/2 (Inset) over 
a wide range of scan rate, which clearly reveals that the electrochem ical reactions of UA and AC on the electrode surface 
are diffusion controlle d. Similar behavior has been observed from 
literature data [16,18].
In order to determine the diffusion coefﬁcients, chronoamper o- 
grams for UA and AC were recorded in cationic surfactant. The 
potential s were set at 225 and 388 mV for UA and AC, respectively .
Measurem ents were carried out in 0.1 mol L1 phosphate buffer 
(pH 7.0). The corresponding chronoamper ograms are presente d
in Fig. 4A and B. The diffusion coefﬁcients of each compound were 
calculated from the Cottrell equation [23], as shown in the follow- 
ing equation:
I ¼ nFAC0D
1=2
0
p1=2t1=2
; ð1Þ
where I is the current , n is the number of electrons, F is the Faraday 
consta nt (96500 C mol 1), C0 is the analyte concentrat ion 
(mol cm 3), D0 is the diffusion coefﬁcient (cm2 s1), and A is the 
geome tric area (0.0706 cm 2). Fig. 4 (Inset) show I (lA) vs t1/2
(s1/2) plots construc ted from the Cottrell equation. From the 
regress ion slopes and using the Cottrell equation, the averag e diffu- 
sion coefﬁcients of 1.56 and 7.36 lcm2 s1 were obtained for UA 
and AC, respectively, being close to those reported in the literature 
[11,24].
In order to check whether the presence of cationic surfactant in- 
creases the surface concentratio n (C) of electroative species UA 
and AC onto CNTPE surface, the proportional ity of peak currents 
for small scan rates (30–106 mV s1) was evaluated. Good relation- 
ship between the peak currents and small scan rates were ob- 
served (R2 ranged from 0.9830 to 0.9870), thus for thin ﬁlms and 
Table 1
Factors, their levels and design matrix employed in 25–1 factorial design.
Factor Low () High (+)
pH 4.0 7.0 
Pulse amplitude (MA) (mV) 25 100 
Modulation time (MT) (ms) 5 50 
Scan rate (SC) (mV s1) 20 100 
Buffer concentration (BC) (mol L1) 0.01 0.1 
Assays pH PA MT SC BC di UAa di ACa Overall desirability 
1 + + + + + 0.155 0.252 0.198 
2 + + +   0.194 0.119 0.151 
3 + +  +  0.589 0.440 0.509 
4 + +   + 1.000 0.602 0.775 
5 +  + +  0.037 0.110 0.061 
6 +  +  + 0.079 0.050 0.062 
7 +   + + 0.178 0.149 0.162 
8 +     0.089 0.025 0.047 
9  + + +  0.000 0.000 0.000 
10  + +  + 0.070 0.040 0.050 
11  +  + + 0.650 1.000 0.805 
12  +    0.000 0.000 0.000 
13   + + + 0.050 0.103 0.071 
14   +   0.068 0.047 0.056 
15    +  0.000 0.000 0.000 
16     + 0.079 0.048 0.061 
a Average values obtained in duplicate.
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Fig. 4. Chronoamperograms for UA (A) and AC (B) in the presence of 0.3 mmol L1
CPB. Buffer solution: 0.1 mol L1 phosphate (pH 7.0); time: 60 s. Insert I vs t1/2
from Cottrell’s plot obtained from chronoamperograms. The potentials were set at 
225 and 388 mV for UA and AC, respectively.
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tionship between the peak current and scan rate can be described 
as follow:
Ip ¼ n
2F2mAC
4RT
ð2Þ
where m, A, Ip are the scan rate, the electrod e active area of electrod e
and the peak current, respective ly and other symbol s have their 
usual meaning s. The surface concentrat ion (C) of UA and AC were 
found to be 3.25  1014 and 1.59  1013 mol cm 2, respec tively.
For measures performed in the absence of CPB, the surface concen- 
trations (C) were slightly lower, 1.25  1014 and 7.18  1014 -
mol cm 2, respective ly for UA and AC.
3.4. Optimization of experimenta l parameters for the simultaneou s
determination of UA and AC by DPV 
Cetypyridinum bromide and cetyltrimethy lammonium bro- 
mide (CTAB) were evaluated for simultaneou s determination of 
UA and AC using different ial pulse voltammetr y. The oxidation 
peak currents increase of about 30% and 12% for UA and AC, respec- 
tively, when CTAB was changed for CPB. This fact may be explained 
by the higher surface activity of the CPB surfactant [25]. Therefore,
CPB was chosen for subsequent experiments . The effect of CPB con- 
centration was studied from 0.1 to 0.57 mmol L1, being observed ,for both analytes an increase in Ipa, until 0.3 mmol L1. Above this 
concentr ation value, Ipa decreased due to the higher surfactant 
amount adsorbed on the electrode surface, as well as to a possible 
reduction of the analyte diffusion coefﬁcients. Thus, the concentra- 
tion of 0.3 mmol L1 was chosen. Different supporting electrolytes 
- phosphate, HEPES, Tris–HCl, and KCl (all – at 0.1 mol L1 and pH 
7.0) were used as buffers to evaluate their effect on the oxidation of 
UA and AC. The phosphate buffer gave better separation of the oxi- 
dation peaks and higher Ipa values (data not illustrate d). Other 
electrolytes used were not satisfactory, since overlapping or de- 
crease in the oxidation peaks of UA and AC were observed.
The pH effect on the oxidation peak resolution for UA and AC 
using DPV was studied in the pH range of 4.0–8.0. It was observed 
highest Ipa at pH 7.0, as well as a satisfactory peak resolution DEpa
of 151 mV. On the other hand, the measureme nts performed at pH 
8.0 promoted improvem ents in the resolution (DEpa = 171 mV),
but a remarkable decrease in Ipa, especiall y for AC. These data 
show clearly that a multivariate optimization technique must be 
employed in order to ﬁnd the optimum condition for simultaneous 
UA and AC determination . Therefore, optimization of pH and the 
paramete rs associate d with the different ial pulse voltammetr y
techniqu e were optimized by means of a 25–1 factorial fractional 
design, Doehlert matrix and using multi-respons e approach aiming 
at the simultaneou s determinati on of UA and AC [26]. Table 1 pre-
sents the factors (parameters) investigated in the study, their 
respective levels and the design matrix containing 16 assays. The 
analytica l signals (Ipa) obtained from the 25–1 factorial design were 
recorded in duplicate and designate d as overall desirability (O.D.).
To calculate the overall desirability for each experiment, individual 
desirabili ty (di) were assessed. The individual desirability is ex- 
pressed as a dimensionle ss value ranging from 0 (undesired re- 
sponse) to 1 (desired response). Since the goal of the current 
research was to maximize Ipa, the individual desirability can be 
calculated through Eq. (3) for each experiment.
di ¼ y LH  L
 
ð3Þ
where y is the Ipa value obtained experimenta lly, L and H are the 
lowest and the highest values, respective ly, among those obtained 
in all experiments . Thus, considering these individua l desirability ,
Fig. 5. Desirability diagrams for responses obtained from 25–1 fractional factorial design. PA = pulse amplitude; MT = modulation time; SR = scan rate; BC = buffer 
concentration.
Table 2
Doehlert matrix used for optimizing modulation time (MT), pH and pulse amplitude (PA).
Assaysa MT (ms) PA (mV) pH di (i) AU di (i) AC di DE di (BL) AU di (BL) AC Overall desirability (O.D.)
1 5 150 8.5 0.57 0.857 0.784 0.835 0.812 0.763 
1 5 150 8.5 0.652 0.969 0.845 0.823 0.804 0.812 
1 5 150 8.5 0.703 0.872 0.784 0.823 0.804 0.795 
1 5 150 8.5 0.626 0.963 845 0.823 0.804 0.804 
2 9 150 8.5 0.43 0.535 0.914 0.881 0.866 0.6915 
3 7 240 8.5 0 0 0 0.846 0.84 0
4 7 180 11 0 0 0 0.902 0.899 0
5 1 150 8.5 0.787 0.9075 0.889 0.388 0.35 0.611 
6 3 60 8.5 0.409 0.2305 1 0.902 0.897 0.597 
7 3 180 6 1 0.3735 0.621 0.556 0.4735 0.5695 
8 7 60 8.5 0.3375 0.275 0.889 1 1 0.6065 
9 7 120 6 0.56 0.2865 0.74 0.929 0.908 0.6305 
10 3 240 8.5 0.814 0.9885 0.542 0 0 0
11 5 210 6 0.8265 0.018 0.621 0.744 0.732 0.346 
12 3 180 11 0 0 0 0.644 0.627 0
13 5 90 11 0.052 0.0285 0.452 0.9605 0.9615 0.228 
a Central point carried out in quadruplicate. i = current; DE = peak resolution; BL = baseline.
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ing to Eq. (4).
O:D: ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
d1d2 . . . dm
m
p
ð4Þ
where m is the number of response s studied for each experime nt 
during the optimization process. In order to evalua te the signiﬁ-
cance of the factors desirabil ity diagrams were constructed 
(Fig. 5). The diagrams show the individua l desirability for UA and 
AC, as well as the overall desirab ility. It was veriﬁed that pH, pulse 
amplitud e (PA) and buffer concentrat ion (BC) provided the best re- 
sponses at their highest levels, while the modulatio n time (MT)
showed the best result at its lowest level. The scan rate (SR), within 
experime ntal domain (20–100 mV s1), does not caused signiﬁcant
changes on overall desirability. Thus, in order to ﬁnd the optimum 
conditio ns for the factors that played an important role in the over- 
all desirab ility (pH, PA and MT), a Doehlert matrix was built by set- 
ting the scan rate (SR) at its highest level (100 mV s1). Despite the 
signiﬁcance of the buffer concentration (BC), it was set at 0.1 mol L1, since this level appears to be sufﬁcient to maintain sat- 
isfactory conduct ivity of the analyzed solution . Anodic peak current 
(Ipa), resolutio n peak (DIpa) and baseline were employe d as analyt- 
ical response s, in which were subsequen tly converted into individ- 
ual desirabil ity according to Eq. (3) and then into overall desirab ility 
(Table 2). The statistical model obtained from the Doehl ert matrix 
was as follows:
O:D: ¼  3:77þ 0:060MT 0:0087MT2 þ 0:0170PA
 0:00006PA2 þ 0:8897pH 0:056pH2
þ 0:00412MT pH 0:00037PA pH ð5Þ
The analysis of variance (ANOVA) revealed a good regression 
coefﬁcient (R2 = 0.99577; R2adjusted = 0.98943) for the model and 
absence of lack of ﬁt since the MS lack of ﬁt/MSpure error ratio equal 
to 3.63 was lower than the 95% critical F3,3 value of 9.28 [26]. Thus,
it was possible to built response surfaces depicted in Fig. 6, which 
showed maximum points at 7.7, 5.0 ms and 123 mV for pH, MT and 
PA, respectively .
Fig. 6. Response surfaces obtained from the Doehlert design for PA  MT (A),
pH  MT (B), and pH  PA (C).
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Fig. 7. Differential pulse voltammograms for UA and AC at various concentrations 
(5.0–92.6 lmol L1).
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The inﬂuence of possible interfering compounds urea (UR), tar- 
taric acid (TA), citric acid (CA), glucose (GL), 4-nitrophen ol (NF),
leucine (LE), proline (PR), tyrosine (TY) and ascorbic acid (AA) on 
the peak currents recoveries of simultaneou s UA and AC determi- 
nation, as well as on the peak resolution was examined. Under 
optimized conditions, the possible interfering compounds were 
individually added to binary solution of UA and AC, both at 
0.1 mmol L1 concentratio n. It was observed that the peak resolu- 
tion and peak currents of UA and AC was unchanged in the pres- 
ence of each compound in the proportio n (analyte/interferent,
mol/mol) of 1/50, excepted by the presence of AA and NF in which 
an overlapping of peak potentials was observed in the proportion 
1/10 and 1/50, respectivel y. In spite of the fact that ascorbic acid 
and 4-nitrophen ol show a slight interference, these compounds 
are not usually present at high levels in urine samples. The pres- 
ence of AA, CA, TA, UR, GL, NF, LE, PR and TY in the proportions 
of 1/10, 1/50, 1/10, 1/50, 1/50, 1/1, 1/50, 1/50, 1/10, respectively ,
did not show signiﬁcant changes on peak current for UA with rel- 
ative responses (%) ranging from 105 up to 115. The peak currents of AC were not signiﬁcantly changed [relative responses (%) rang- 
ing from 90 up to 114%] in the proportio ns of 1/10, 1/50, 1/50, 1/ 
50, 1/50, 1/10, 1/50, 1/5, 1/5, for AA, CA, TA, UR, GL, NF, LE, PR 
and TY, respectivel y.3.6. Determina tion of ﬁgures of merit and application 
The records of different ial pulse voltammogr ams for the simul- 
taneous determination of UA and AC in the concentratio n range of 
5.0–92.6 lmol L1 are presented in Fig. 7. The calibration equations 
obtained by proposed method were: I(lA) = 2.64  107 + 0.787[- 
UA, lmol L1] with good regression (R2 = 0.995), and 
I(lA) = 2.28  107 + 0.297[AC, lmol L1], (R2 = 0.999). In order 
to check the linear responses of one species by setting the constant 
concentr ation of the other, differential pulse voltammogr ams were 
recorded (Fig. 8). It was observed that linear current responses for 
UA from 5.0 up to 20.0 lmol L1 in the presence of 15.0 lmol L1
of AC showed no signiﬁcant differences on the sensitivity in rela- 
tion to the analytical curve. In similar way, a good correlation for 
increasing concentratio n of AC (5.0 up to 92.6 lmol L1) was 
achieved by ﬁxing the UA concentration at 15.0 lmol L1. Limits 
of detection (LOD) and quantiﬁcation (LOQ) were calculated based 
on the slope of the calibration curves using the following equa- 
tions: LOD = 3std/M and LOQ = 10std/M, where std is the standard 
deviation of 10 blank determination s, and M is the slope of the cal- 
ibration curve [27]. Thus, LOD of 0.25 and 0.57 lmol L1 and LOQ of 
0.85 and 1.89 lmol L1 were obtained for UA and AC, respectively.
These values were very similar to those previously published using 
sensor based on multiwalled carbon nanotube/ch itosan composite 
immobilized onto glassy carbon electrode surface CNT [17]. The 
precision of proposed method assessed as relative standard devia- 
tion (RSD) for ten determinati ons was found to be 3.20% and 1.34%
for respective concentrations of 10.0 and 72.5 lmol L1 for UA and 
4.3% and 1.6% for AC. After each measurement, it was not necessary 
to regenerate the electrode surface by any electrochemical and 
washing procedure, which suggests good anti-fouling property of 
the sensor. Furthermore, it is worth to noting that in order to assess 
the precision of the electrode preparation; four authentic elec- 
trodes were constructed in different days. After the end of each 
electrode preparation, one record of different ial pulse voltamm o- 
gram was carried out. The relative standard deviation s (RSD) of 
peak currents for UA and AC at 50.0 lmol L1 concentratio n using 
four electrodes were found to be 3.70% and 2.58%, respectively ,
indicating the excellent reproducibi lity of the electrode 
preparati on. In addition, the stability of sensor was conﬁrmed
Table 3
Determination of UA and AC in urine samples.
Sample Analyte Concentration 
found 
(mmol L1)
Concentration 
added 
(mmol L1)
Concentration 
found a
(mmol L1)
Recovery 
(%)
1 UA 1.00 ± 0.07 12.17 12.47 ± 0.53 94.25 
AC – 12.17 11.17 ± 0.60 91.78 
2 UA 5.23 ± 0.12 12.30 17.50 ± 0.82 99.75 
AC – 12.30 12.72 ± 0.36 103.41 
3 UA 4.24 ± 0.24 12.17 17.37 ± 0.44 107.88 
AC – 12.17 11.85 ± 0.41 97.37 
a Results are expressed as mean value ± standard deviation based on three rep- 
licates (n = 3).
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Fig. 8. Differential pulse voltammograms obtained at different concentrations of 
UA and AC. (A) Concentration of UA ranging from 5.0 to 20.0 lmol L1 and AC ﬁxed
at 15.0 lmol L1 and (B) concentration of AC ranging from 5.0 to 92.6 lmol L1 and 
UA ﬁxed at 15.0 lmol L1.
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without decreasing peak currents of UA and AC.
Urine samples were collected from healthy volunteers and 
appropriate ly diluted in deionized water depending on the uric 
acid concentration. Then, aliquots of the diluted samples were 
introduced into the electrochem ical cell. Addition and recovery 
tests were performed on undiluted urine samples to verify the 
method accuracy using standard addition method. The recovery 
rate values presented in Table 3 demonstrate that the current method makes it possible to simultaneou sly determine UA and 
AC in the urine samples without any previous sample treatment.
4. Conclusion 
The herein developed method demonstrat ed the easy and low- 
cost application of unmodiﬁed carbon nanotubes paste electrode 
for sensitive and free interfere nces determinati on of UA and AC 
in urine samples exploitin g measurements in cationic surfactant 
medium. The synergic effect of carbon nanotubes and cationic sur- 
factant promote d a remarkabl e peak separation and increase in the 
peak currents. In addition, the measures were performed at pH 7.7 
near to the physiologica l pH of urine samples, thus does not requir- 
ing complicated pH adjustment s and previous pretreatmen ts. Fi- 
nally, the optimization based on multi-response and overall 
desirabili ty shows to be very useful for enhancing the sensitivit y
of simultaneou s electrochemi cal determination , and can be consid- 
ered an interesting alternativ e to other electrochemi cal methods 
with focus on simultaneou s determination .
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